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Abstract 
Pulverised biomass is an alternative to fossil fuels recognized by both academic and industrial communities as it can 
effectively generate heat and electricity by different conversion processes in a carbon neutral manner. Among the 
forest biomass options, pine already represents 20% of planted forests as it has numerous industrial applications. This 
study concentrates on the conversion of pulverized particles of pinewood under fast and slow heating regimes in both 
air and nitrogen atmospheres. The results reveal that (i) at low heating rates the morphology of the pinewood particles 
(250 to 75 Pm) remains practically with the same aspect during all conversion (ash ~ 2 wt.%), while at high heating 
rates the network structure of the pinewood changes into a more spherical shape; (ii) during conversion, the 
temperature profiles show a single semi-plateau around 350 °C for pyrolysis and two plateaux for direct combustion 
around 300 and 470 °C, close to the maximum reaction rate and half-way of the conversion degree for the main 
reactions; and (iii) combustion reactivity of pinewood chars at 425 °C augmented from 35 min to 9 min, as 
morphology becomes more uniform and size reduces. 
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1. Introduction 
Pulverised biomass is an alternative to fossil fuels recognized by both academic and industrial 
communities as it can effectively generate heat and electricity in a carbon neutral manner. Moreover, its 
use increases resources diversity and security of supply. Technical advantages include lower ignition and 
burnout temperature together with high combustion rate. In many ways burning pulverized biomass is 
similar to oil upgrading to coal combustion, requiring flexibility of the burner design to different fuel 
grades. Biomass comprises a wide spectrum of plants, from agricultural wastes to traditional woods. 
Forest biomass is the most used resource of bioenergy today. Pinewood represents 20% of the planted 
forest species worldwide, even though overall diversity has been increasing, pinewood is still important 
for applications such as timber, pulp, paper, medicine and also energy [1]. Biomass fuels, like coals and 
crude oil, present an inherent variability of physical and chemical properties [2]. In respect to chemical 
composition, plants incorporate C-H-O-N-S from the atmosphere via photosynthesis and ash Si-Ca-K-
Mg-family elements from the soil via different metabolic processes [3]. As deduced by environmental 
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variations, recent data assessment indicates that the C, H and O contents are far less variable than the ash 
content among same plants species [4]. Physical characteristics comprise size (> 5 m trees to powder < 
0.5 mm), shape (non-spherical and irregular), and moisture content (slurries). Thus, the replacement of 
conventional fuels by biomass fuels requires the systematic understanding of several operational aspects 
such as pre-treatments [5], aerosol and pollutants production [6], and fouling and corrosion tendency [7]. 
Since these processes are related to the fuel properties, it is important to enhance the current 
understanding of the mass and heat transfer features during biomass conversion. Failure to choose the 
appropriate parameters will result in combustion systems not capable of achieving its maximum designed 
performance. This may worsen problems such as the increase in operation and maintenance costs and a 
decrease of equipment lifetime. This study concentrates on the conversion of pulverized particles of 
pinewood under fast and slow heating regimes in both air and nitrogen atmospheres. 
 
2. Experimental 
Maritime pinewood (Pinus pinaster) was used in this study; grounded and sieved into ranges from 75 
to 250 μm. Proximate and ultimate analyses were performed using a TGA, TA Q500 and EA, Flash2000 
CHNS/O analyzer, respectively. BET model (Micromeritics ASAP 2000) was applied to obtain the 
specific surface area of the samples from the nitrogen physisorption isotherms. Samples were structurally 
and morphologically assessed by X-ray diffraction (XRD, Siemens D500) and scanning electron 
microscopy (SEM, FEI Quanta 600). Pyrolysis experiments were performed in a drop tube furnace 
(DTF). The DTF comprises a feeding system, a furnace reactor, and a sample probe. The feeding system, 
located at the top, has a screw-feeder at 2 cm3.min-1. The furnace is an electrically heated ceramic tube 
with diameter of 50 mm. At the bottom, the sample collector probe is placed with a pumping system. The 
DTF was set for a residence time of 600 ms at temperatures of 900 °C and 1100 °C. Direct combustion 
and char reactivity experiments were performed by scanning thermo differential analysis (STD, TA 
Q600). The profiles were obtained by heating up to 110 °C and 5 min isotherm, and then heating up at 1 
to 100 ºC.min-1 and 5 to 300 min isotherms, under an air flow of 100 mL.min-1. 
 
3. Results and Discussion 
Table 1 shows the properties of the pinewood and chars TGA900, DTF900, and DTF1100. The values 
reported in the table are in line with those in the database PHYLLIS2 for untreated pinewood [8]: volatile 
matter between 75.2 and 91.9, fixed Carbon between 8.1 and 24.7, ash between 0.1 and 6.4, Carbon 
between 48.8 and 55.1, and Hydrogen between 4.8 and 7.2, all in wt.% (dry basis). The higher heating 
value (HHV) was calculated based on the values of the fixed Carbon [9]. As confirmed also by thermal 
analysis, the DTF900C presents the highest heating value (27.5 MJ.kg-1), while pinewood the lowest one 
(18.2 MJ.kg-1). Surface areas of pine fuels present very low values for green samples as other biomass 
fuels, but had a remarkable increase when converted to char. Ash type falls within the system Ca-Mg-K-
P-Si. Potassium (10.2%) may remain likewise even at high conversion rates, as potassium react poorly 
with other constituents, whereas phosphorus (7.2%) is a distinctive advantageous feature of woody fuels 
as reacts with calcium to form solid Ca3P2O8. In addition to compositional changes, morphological 
changes undergo conversion of pinewood to char. Figure 1 shows typical SEM micrographs of pinewood 
and char DTF900, with the respective counts of the elements. Under slow pyrolysis conditions, with 
heating rates up to 100 C.min-1, the morphology of the pine particles remains basically with the same 
aspect even after complete transformation of the char into ash. At low heating rates, the slow gradients do 
not impose significant stresses on the microstructure and filament nature is therefore preserved. At high 
heating rates, the network structure changes into a more spherical shape, this is in coal particles ascribed 
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Figure 2. Profiles of mass and heat transfer during pinewood (125 Pm) conversion in air (combustion) and nitrogen 
(pyrolysis). 
 
4. Conclusions 
The main conclusions of this study are as follows. 
x At low heating rates the morphology of the pinewood particles remains practically with the same 
aspect during all conversion, while at high heating rates the network structure of the pinewood 
changes into a more spherical shape. 
x During conversion, the temperature profiles show a single semi-plateau around 350 °C for 
pyrolysis and two plateaux for direct combustion around 300 and 470 °C, close to the maximum 
reaction rate and half-way of the conversion degree for the main reactions. 
x Combustion reactivity of pinewood chars at 425 °C augmented from 35 min to 9 min, as 
morphology becomes more uniform (hollower and rounder) and size reduces (fourfold). 
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